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I. INTRODUCTION 

Wind-tunnel Test  20-565 was a t e s t  of a typical entry vehicle with a 

conical body mounted upstream f rom the base of the vehicle by means of a 

cylindrical element. 

static stability of interference at a high supersonic velocity when a conical body 

is mounted upstream from the base of an entry vehicle. 

tes ted in the JPL 20-in. supersonic wind tunnel a t  an angle-of-attack range 

f rom 0 to 29 deg. 

Mach No. 4. 54, total p re s su re  328. 0 cm Hg, and a corresponding Reynolds 
6 No. /in. of 0. 34 x 10 . 

The purpose of the tes t  was to investigate the effects on 

All configurations were 

The approximate aerodynamic parameters  for the tes t  were 

The model configuration comprised a conical afterbody, attached to a 

spherical-segment forebody by means of a cylindrical element, which has a 

diameter one-fourth the diameter of the forebody. 

te rms ,  afterbody and forebody, a s  used in this Report denote respective loca- 

tions considering the spherical segment upstream of the conical body. 

tes t ,  however, the model attitude was reversed  180 deg, so that the denoted 

forebody and afterbody a r e  acting as the afterbody and forebody, respectively. 

It should be noted that the 

For  this 

Forces  and moments, measured by means of a strain-gage balance, 

were obtained for  the complete configuration which was tested in a rearw$rd- 

entry attitude. 
.e 

The test** was conducted a t  the J e t  Propulsion Laboratory ( JPL)  for  

Sec=tiolrH-of JPL on July 29, 1963. ~ 

II. MODEL DESCRIPTION 

The models a r e  shown in Fig. 1. Three types of conical afterbodies 

were tes ted in combination with the spherical-segment forebody. 

bodies, classified according to cone angle, were 25, 35, and 45 deg. 

The af ter-  

The ver texposi t ion for most of the complete models was that determined 

by the ver tex position of a full 35-deg conical afterbody; this i s  re fe r red  to as 

the common vertex position. 

r.- *r 
Symbols used in this Report a r e  defined in the Nomenclature. 
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The 25-deg conical afterbody had one length and three distinct ver tex 

The length was fixed as that length which was 8070 of the distance 

One position of the 25- 

The 

positions. 

f rom the common vertex to the base of the forebody. 

deg conical afterbody was that of the common vertex position (Fig. la). 

second ver tex position was such that the base of the 25-deg afterbody was in the 

same location a s  the base of the 45-deg afterbody at the common vertex posi- 

tion. 

the distance f rom the new vertex position to the base of the forebody changed, 

so  that the afterbody length was now only 55. 270 of this distance (Fig. lb). 

third ver tex position was that which allowed the 25-deg conical envelope to 

enclose the forebody. 

distance f rom the vertex to the forebody base (Fig. IC).  

With this arrangement,  while the afterbody length remained the same, 

The 

At this position, the afterbody length was 53. 470 of the 

The 35-deg conical afterbody had 3 distinct lengths and one common 

ver tex  position. The three lengths were 10070, 66. 670, and 41. 570 of the dis- 

tance f rom the common vertex to the forebody base (Fig. ld,  l e ,  I f ) .  

The 45-deg conical afterbody was located at the common vertex position 

having a length equal to 35% of the distance f rom the common vertex to the 

forebody base (Fig. lg). 

The complete model configuration was designated by the cone angle of 

the afterbody (u) and the ratio of the afterbody length (1') to the distance from 

the forebody base to the particular vertex position (fl ,  J'/a; i. e. : u-l'/x 
(Fig. 2). 

~~~ 
~ 

~ 
~~ 

~ 
~~ 

~~ ~~ 

ILI. WIND TUNNEL AND INSTRUMENTATION 

Reference 1 describes the construction and operating conditions of the 

20-in. supersonic wind tunnel. 

of 20 in. square, a Mach range from 1. 3 to 5. 0, a flexible-plate nozzle, and 

operates with continuous flow. Table 1 presents  representative values of the 

test-section flow parameters  for  the Mach number at which this tes t  was 

c o ndu c t e d. 

The wind tunnel has  a nominal test-section size 

A six-component, internal, strain-gage balance was used to measu re  

force -and-moment data. 

- 2 -  
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IV. TEST PROCEDURE 

P r i o r  to actual tes t  operations, measurements  were made to determine 

the position of the model, the deflection constants, and balance ta res .  During 

the tes t ,  data points were obtained at successive values of angle of attack. 

These data points were plotted vs angle of attack and any data which appeared 

questionable were checked before the conclusion of the run. At least  one data 

point was checked even if all data appeared correct .  

Schlieren photographs (Fig. 3a through g) were made of each model for  

Mach No. 4. 54 at 4, 8, 12, 18, 22, 26, and 29 deg angle of attack, respectively. 

Two Schlieren photographs were taken of model 25-534 at a = 18 deg to show 

the change in shock pattern on the model at 18 deg when this angle was 

approached f rom 0 deg and 29 deg angle of attack (Fig. 3f). 

V. DATA REDUCTION 

The force-and-moment data were reduced to dimensionless coefficients 

in the pitch-axis and wind-axis systems. The coefficients were obtained as 

follows: 

force force coefficient = - 
qA 

moment 
qAD 

moment coefficient = 

where 

q = f ree-s t ream dynamic p r e s s u r e  = 3. 00 (psia) 

2 A = reference a r e a  = 12. 56 (in. ) 

D = reference length = 4. 0 (in. ) 

and the point about which the moments were  measured  was the model base,  on 

the model centerline. The axial-force coefficient was cor rec ted  to eliminate 

- 3 -  
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the base-drag increment due to the differential between base p re s su re  and 

f ree  - s t r eam static p r e  s sure.  

The coefficients were obtained on a digital computer by a standardized 

s e r i e s  of formulae a s  indicated in Ref. 2 and 3. 

The coefficients a r e  defined in the Nomenclature, and the coefficient 

sign conventions a r e  shown in Fig. 2. 

VI. RESULTS 

.L -6% 

The resul ts  of this tes t  a r e  shown in Plot  Ser ies  l a -g  through 4a-g. 

Tests  with the 35-deg cone show that, with a given cone angle and vertex posi- 

tion, reducing the cone length by cutting off the base of the cone causes the 

vehicle to become more  stabile (Plot lb).  

keeping the ver tex position constant, tends to increase the stability (Plot 4b). 

W i t h  a given cone geometry, i. e . ,  cone angle and cone length, decreasing the 

gap distance between the forebody base and the cone increases  the stability 

(Plot 2b). 

Decreasing the cone angle, while 

Newtonian theory predicts very well the static stability of the 35-deg 

full cone but is inadequate for  the other configurations tested (Fig. 4). 

I 
t 
t 
I 
1 

rt. -,- 
Also numbered f rom 1 through 28 in the lower left-hand corner  of the ozalid 

- 4 -  
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NOMENCLATURE 

2 reference a r e a  (12. 56 in. ) 
a r e a  of base of model ( 1 2 .  56 in. ') 

axial- fo r c  e coefficient (axial for  ce/qA - CPB) 

drag coefficient, CA COS a t CN sina 

l i f t  coefficient, CN cos a - CA sina 

pitching-moment coefficient about reference C. G. at base of 
model, moment/qAD 

normal  - f o r c e coefficient, normal  for c e/qA 

base-drag coefficient (P -Pb) A.3 /qA 

diameter of the circle  inscribed on the ver t ical  plane at the base 
position by extending the conical surface of the afterbody at each 
ver tex position t o  the plane (in. ) 

reference length, diameter of base of model (4. 0 in. ) 

distance from model base to the ver tex  position (in. ) 

afterbody length (in. ) 

Mach No. 

static p re s su re  (psia) 

base p re s su re  (psia) 

[ 

f ree-s t ream dynamic p res su re  ( 3 .  00 psia)  

center-of-pressure location on longitudinal axis of body measured 
from base ~ of model, ~~ positive ~~ toward ~~ vertex position_LCM/_CN] ~ 

angle of attack, alpha (deg) 

cone half-angle (deg) 

~ 
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Table 1. Average aerodynamic parameters  

Par am e te r 

Static p re s su re  
(P S ia) 

Stagnation p r e s  sure  
(P S ia) 

Dynamic p res su re  
(P S ia) 

Reynolds numbe r6 
(per  in. x 10- ) 

Mach Number 

4. 54 

0. 21 

63. 17 

3. 00 

0. 34 
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Fig.  2 Model Geometric Parameters  and Direction of Positive Forces .  
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